Summary. --In previous papers (Nuovo Cimento .4, 108 (1995) 241, 1051), the hidden local symmetry of the chiral theory based on the non-linear sigma-model on the manifold U(3)L X U(3)R/U(3)v was extended to the baryon interaction and shown to reproduce well the low-energy theorems. Introducing an SU(3) breaking in the theory, the mass formula and the Sakurai formula of the electromagnetic interaction of vector mesons are obtained consistently. In this paper, by introducing the effective tensor interactions of order O(p2), the magnetic form factor of the nucleon is analysed as well as the electric form factor, partly done in the previous papers, and a breaking of the OZI rule and a sizeable content of s-quark pair in both the electric and magnetic form factors of the nucleon are indicated again.
-Introduction
The dynamics of the vector mesons and the pseudoscalar (PS) mesons in hadron physics has been shown to be described successfully in terms of the hidden local symmetry [1] based on the manifold G/H = U(3)L X U(3)R/U(3)v of the chiral theory.
In this respect, it would be interesting to notice that the effective interactions of order O(p 4) in the chiral perturbation theory were shown[2] to be completely dominated by a contribution of resonances including vector mesons. The hidden local symmetry theory contains essentially a fundamental coupling constant g of the vector meson as a dynamical gauge boson and one adjustable parameter a. The only crucial assumption is that the kinetic part of the gauge boson is of dynamical origin in order to make the boson propagate without being eliminated by the equation of motion.
In previous papers, we extended the gauge principle to the baryon and built an effective interaction of the lowest order O(p) in the framework of the hidden local (*) The authors of this paper have agreed to not receive the proofs for correction.
symmetry theory, and successfully reproduced the low-energy theorems, the conserved vector current (CVC) of ~-decays of baryons and the Sakurai scenario of the electromagnetic interaction (EMI) of hadrons in paper [3] (hereafter referred to as I). The effective interaction contains an adjustable parameter a' corresponding to the parameter a in the meson sector and one more parameter as due to a non-vanishing U(1) component of U(3) trace in addition to the fundamental coupling constant g. The low-energy theorems have been shown to be satisfied independently of a' and as. In paper[4] (hereafter referred to as II), an SU(3) symmetry breaking was introduced in accordance with the paper of Bando, Kugo and Yamawaki [5] and it was shown that the SU(2) × U(1) nature of EMI, i.e. the minimal and universal EMI of baryons, the vanishing of the ,,fictitious,, photon mass and the Sakurai formula of the vector meson-photon interaction are preserved. In this scheme, the realistic magnitudes of g and the mixing angle 0 of ~o and ¢ mesons were obtained consistently with the electron pair decay of vector mesons and the vector meson masses. The mixing angle 0 shows almost an ideal mixing. The electric form factor of the nucleon was also discussed to get a low-energy theorem and it was shown that its isoscalar part indicates a validity of the vector meson dominance model (VMD), a breakdown of OZI rule and a sizeable content of s-pair in the nucleon.
In this paper, we introduce the covariant tensors (Pauli term) of order O(p 2 ) in the effective EMI of baryons to discuss the magnetic interaction. For this interaction, we introduce the effective Lagrangian with the order O(p 2) involving a derivative of the external gauge boson which associates an effective coupling constant containing an energy scale A. By choosing the energy scale as about 1 GeV, we could indeed get the reasonable magnitude for the anomalous magnetic moment of the nucleon. To account for the experimental values of the magnetic moment, two kinds of covariant tensor are needed. From the electric interaction introduced in II, we derive the low-energy theorems for the vector meson pole contributions with similar forms in both the electric and magnetic interactions and discuss the consequences of phenomenological analysis of the form factors of the nucleon without loop contribution. This paper is organized as follows. The relevant effective Lagrangians of meson and baryon including the SU(3) breaking and the interactions which were derived in I and II are recapitulated in sect. 2. Covariant tensors are introduced to construct the magnetic interaction of baryons in sect. 3. In sect. 4, it is shown that the low-energy theorems hold both for electric and magnetic interactions and, in sect. 5, the electric and magnetic form factors of the nucleon are analysed. Finally, in sect. 6 we summarize the result and give some remarks.
-Vector interactions
In this section, we recapitulate the effective Lagrangian including the SU(3) breaking in the hidden local symmetry given in II. We write only the vector interactions which are relevant to the following argument. The same notations as those in previous papers I and II are used without any notice. The building block of the effective Lagrangian giving the vector interaction is assumed as (2.1) v 1
